Abstract: Spatially resolved, line-of-sight measurements of aluminum monoxide emission spectra in laser ablation plasma are used with Abel inversion techniques to extract radial plasma temperatures. Contour mapping of the radially deconvolved signal intensity shows a ring of AlO formation near the plasma boundary with the ambient atmosphere. Simulations of the molecular spectra were coupled with the line profile fitting routines. Temperature results are presented with simultaneous inferences from lateral, asymmetric radial, and symmetric radial AlO spectral intensity profiles. This analysis indicates that we measured shockwave phenomena in the radial profiles, including a temperature drop behind the blast wave created during plasma initiation.
Introduction

11
The act of tightly focusing laser radiation on to a target volume initiates plasma coupled with 
Here, I(z, λ) is the lateral spectral measurement and I(r, λ) is the radial reconstruction. The upper 37 limit of the integral, R , is often carried out to be much greater than the extent of the plasma. The 38 integral pre-factor of 2 indicates the plasma symmetry along the radial and lateral axes.
39
The desire in attempting to apply Abel reconstructions over the Radon deconvolutional methods
40
is to adopt a procedure that is more widely applicable given the ease with which a single lateral,
41
spectral measurement can be made along a single axis of the plasma plume. Further, numeric methods
42
for implementing Abel transformation are plenty and can be applied with little computational expense.
43
Asymmetries are included by using a procedure developed by Blades [12] to 500 nm. The spectra used for analysis were the result of 100 accumulations on a single ablation 70 site. The spectrometer-detector arrangement was calibrated for the system wavelength response using 71 a Hg/Ne-Ar lamp and the system intensity response using a tungsten lamp with a known spectral 72 intensity response curve. Time synchronization of the system was achieved by synchronizing the
73
ICCD gate opening to the Q-switch of the laser. 1.5 and 3.5 mm (Fig.1a) . As the time delay increases, the spectroscopic intensity is seen to diminish, 
89
The radial intensity distribution of plasma emissions are extracted through application of the Abel inversion under the assumption of cylindrical symmetry. Under such a scenario the Abel inverse transform is given by
where z is the lateral coordinate along the light of sight, r is the radial coordinate, I(z, λ) is the line of 90 sight measurement, and I(r, λ) is the deconvolved radial intensity profile.
91
In order to obtain an Abel inversion that accounts for minor asymmetries in the plasma spectral 92 emissions, we consider the procedure introduced by Blades, in which Abel inversion symmetry is 93 assigned to upper and lower plasma spectral regions [12] . These two regions are used to generate a 94 symmetric intensity profile,
by averaging the upper and lower plasma regions. The total inverted profile is given by
where I 0 (r, λ) is the Abel inversion of I 0 (z, λ) and G(±z, λ) is given by 
This factor accounts for difference between the upper and lower half plasma regions and the 98 symmetrized axial intensity distribution.
99
Application of the above procedure was carried out on the emission spectra depicted in the 
131
In short, the intensity of a measured molecular line from upper state, u, to lower state, l, is given by
where a 0 is the Bohr radius, e, is the electronic charge, c is the speed of light, Q is the partition function,
133
N 0 is the total population of the species, C abs and C ν are the absolute and relative calibration factors, h 134 is Planck's constant, F u is the upper term value, k is Boltzmann's constant, and T is the temperature.
135
The term S ul is the diatomic line strength and is calculated in a factorized form to account for electronic,
136
vibrational, and rotational molecular structure. Detailed procedures for calculating a spectrum from 137 the diatomic line strength are outlined in References [20] [21] [22] .
138
Given the temperature dependence of the molecular spectrum, a fitting routine was used to extract Temperatures inferred from AlO spectra at a time delay of 35 µs following ablation (a) along the plasma radius using asymmetric and symmetric Abel inverted spectra and (b) along the plasma using spatially resolved line-of-sight spectral measurements.
of the order of 80 to 100 m/s, but the radial expansion appears to occur at lower speeds towards the 168 plasma center.
169
For nominal 100 mJ, 10 ns pulsed laser radiation, the shock wave expands at speeds of the order 170 of 1 mm/µs or 1000 m/s (Ma=3) at 1 µs time delay. For 38 mJ pulses the shock wave radius will be 171 smaller according to the Taylor-Sedov blast wave model [26, 27] . Moreover, for the investigated time 172 delays of 20 and 35 µs, the Taylor-Sedov blast wave model predicts a shock wave radius of 2.7 and
